Telemetry, by derivation, means measurement from a distance, not necessarily by radio; its application to physiology was first demonstrated by Eindhoven in 1906, using the Netherlands telephone system. Radio telemetry is a more recent development which, although technically feasible during the 1920s, was not put to practical biological use for many years. Biological radio recordings have been a part of the United States and Russian space programmes since their inception, and cortical evoked responses have been passed across the Atlantic using a relay satellite as part of the transmission systemin all these exercises speech communication has been possible between the sending and receiving stations. Whilst the majority of biological recordings require a frequency band of no more than 50 to 100 c/s, intelligible speech demands a minimum of 3,000 c/s; thus, theoretically, it would be possible to transmit 60 ECGs over a single speech channel, and the home television picture, with its bandwidth of 2,500,000 c/s, might be used to transmit 50,000 simultaneous ECGs. It is then clear that medical telemetry demands no new principles, adequate basic techniques being freely available; but the successful exploitation of existing principles and techniques in a relatively unexplored technological region will undoubtedly require a great deal of patience and effort.
The small electrical signals produced by the ECG, EEG or speech vary much too slowly to be transmitted without wires for more than a very small fraction of a millimetre. However, much faster variations, in excess of about 500,000 c/s, are freely transmitted and so the first requirement is that both the amplitude and frequency of the original signal should be increased without losing its information contentthis process is called
Modulation systems: A, the amplitude of a high radio frequency (carrier) sine wave is varied in proportion to the amplitude of the biological signal; probably the simplest modulation method, but one which is liable to interference from a variety ofcauses. B, the carrier is of constant amplitude but its frequency is changed in accordance with the amplitude changes in the input signal; practically interference-free but uses the available radio frequency bandwidth uneconomically. c, information is contained in the width of pulses, all of standard height. D, input signal is represented by the position ofeach Xpulse with relation to its immediately preceding Ypulse; allpulses are of the same height and width. c and D are particularly suited to low frequency input signals; both operate almost entirely from electronic circuits obeying the 'all or none' law 'amplitude modulation' (Fig 1A) . An amplified version of the modulated 'carrier' is radiated from the transmitter aerial and a very small fraction of it intercepted at the receiving aerial. Here the signal is again amplified and the carrier frequency removed -'demodulation' -leaving a biological signal of the same form as that employed to Fig 2 The mixing of several signals in order that they may be transmitted over the same radio link modulate the transmitter system. The apparatus becomes more complicated as the number of simultaneous transmitter channels increases.
There is still only one radio link, so the transmitter must be equipped to mix all signals before they leave the aerial, and the receiver to separate into the original channels the composite waveform representing the mixture of all transmitted information (Fig 2) . This modulation system is only one of many; it is possible to represent the transmitted information by variations of carrier frequency rather than amplitude ( Fig IB) or by varying the width or spacing of a series of pulses having a very high repetition rate (Fig Ic, D) . Among the factors to be considered when choosing a modulation system are the number and bandwidth of the information channels, available power supplies, and the degree of interference to be expected from outside sources. Whichever system is chtosen there is now no problem in making the complete instrument small enough to be carried easily in the average pocket.
If the technical difficulties are few, why then is medical telemetry not available for immediate delivery at reasonable cost from commercial sources? There are two principal reasons. The greatest impetus for the development of these instruments has come from the United States space programme, which fosters the production of small numbers of specialized systems. This work is carried out under Government development contracts in which the manufacturer sells nothing but his development engineer's time; there is afterwards no readily marketable commercial product to justify mass production methods, with their attendant reductions in cost. But more important is the lack of any clear agreement on the value and use of radio telemetry in medicine. Manufacturers possess no expert medical knowledge of their own, and encounter nothing but confusion and contradictions when they seek advice from the enthusiastic individuals of medical organizations. Can they be expected to risk their shareholders' money when there is so slender a chance of financial gain?
Technical problems associated with the introduction of medical telemetry are principally concerned either directly or indirectly with power supplies, which now may well form the greater part of the weight and volume of a radio transmitter. A disposable transmitter, e.g. the radio pill, is simple but expensive; less expensive devices with replaceable batteries tend to be difficult to seal if they are to be used internally. Some internal batteries may be recharged by placing the subject within a large coil having an alternating electrical current flowing in it. The storage of energy derived from the ECG, the random motion of limbs and the 'perpetual motion' of autonomic muscles have all been investigated under laboratory conditions, without as yet producing a suitable clinical solution to the power supply problem. Perhaps more promising than these are experiments in the use of naturally occurring electrolytes and semipermeable membranesthe essential requirements for an electric batteryto form a biological fuel cell. (It has been demonstrated in the rat that sufficient electrical energy is available for the continuous operation of an electronic oscillator.) At present, if 1 % of the energy used by the transmitter actually leaves the aerial, this is about as much as could reasonably be expected; therefore a major contribution may be provided by increased aerial efficiency. The carrier radio frequency determines the optimum length of transmitting aerial; this is invariably too long to be accommodated within an implanted system and can only with difficulty be used externally. The signal strength at the receiver may vary appreciably as the subject moves aboutspecial receiving aerials and other devices are used to minimize the effects of these changes. One The EEG has been divided into its recognizedfrequency bands and the activity in each displayed as a continuous line, the slope ofeach line being an index ofthe activity in that band. A short period ofalpha activity is shown when the eyes are closed; this is replaced by delta rhythm increasing and decreasing in a characteristic manner throughout the night. The technique permits the EEG activity to be expressed concisely and in numerical quantities, but discards other information which mightpossibly be ofvalue problem which will undoubtedly demand a great deal of thought and political tact is that of securing a sufficient number of radio channels to satisfy the demands of a comprehensive telemetry system. It is in the United Kingdom illegal to operate a radio transmitter (or receiver) without the sanction of the Postmaster General, a sanction which is not readily given and which will be obtained only in the face of demands from marine and air navigational systems, profitable commercial and government communications links, and the entertainment industry. Even within the confines of one hospital, wavelengths would have to be chosen so as to avoid mutual interference between channels, whilst at the same time avoiding interference with outside organizations or suffering interference from man-made sources (e.g. diathermy and physiotherapy equipment) which, in spite of recent regulations, are likely to continue their troublemaking for sensitive radio-receiving equipment. However, given the conviction that a need exists, these are technical and administrative difficulties which cannot be insoluble.
Radio methods have frequently been used when ordinary wires would have been more suitable. Each additional electronic part brings with it an additional fault liability, and although impressive reliability statistics may be produced for individual components, the overall system reliability is very dependent upon soldered connexions, plugs and sockets, and factors such as care and treatment in use which are difficult to estimate. The biologist himself can make a major contribution to system reliability by examining closely the real requirements, asking only for a necessary minimum rather than the luxury of a doubtfully useful maximum. This is a situation which cannot remain static; technical advances might at any time change the risky or potentially unreliable to the acceptably reliable. It is encouraging to remember that it would be quite impossible to build a large modern digital computer using techniques employed to produce the early machines, simply because a full-time staff would be incapable of keeping pace with the failure of its electronic valves.
In examining the part to be played by radio telemetry in the future, the circumstances under which it has been and is now being used must be considered: (1) Medical monitoring and physiological recording in space. (2) Ecological studies; animal tracking above and below ground.
(3) Thermal regulation in animals as a function of variables such as wind velocity and temperature. (4) Navigational mechanisms of fish and birds. (5) The radio pillinternal pressure, pH and temperature. (6) The worker at his lathea Russian study. (7) The monitoring of cardiac changes in ambulatory subjects throughout the day.
All have two factors in common: complete freedom for the subject, and long duration. These, coupled with a genuine need for immediate in-formation, will dominate any consideration of the future uses of medical telemetry. Long duration implies the gathering of a great deal of information, most of which has no medical significance. If this problem is to be reduced to manageable proportions techniques must be developed which will extract only the significant parts of recordings (e.g. Fig 3) and, however reluctantly it is done, the rest must be neglected. This would, of course, assume that we know what is of value and what is not, a largely unjustifiable assumption which will be adequately established only by future clinical and physiological research, and by the efforts of mathematicians and computer technologists. It would be inadvisable to restrict telemetry techniques merely to an alternative method for recording information. Using simplicity, the model boat and aircraft enthusiasts and, using complexity, the rocket and satellite organizations, control a variety of functions by radio remote control. An elementary example of a similar technique applied to medicine would be the control of a transmitter without the patient being aware that this was being done; perhaps a number of information sources could be interrogated automatically on demand, or the transmitter switched on only when some abnormality was present. Radio techniques need not be confined to control and recording systems; pictures may readily be transmitted from miniature internal or external television cameras.
Some of the more recent developments in miniature electronic systems show great promise, not simply because they are very much smaller, although this does have its obvious advantages, but also because their improved reliability should allow the successful development of more complex systems. By means of techniques which involve the manipulation of molecular layers on and within very thin substrates, it is now possible to construct a complete amplifier in a volume less than 000003 cubic inches; although many probems remain, it is clear that devices such as these offer great opportunities for new approaches. Complete systems may be attached to the skin in a manner similar to that now used for ordinary electrodes; all or part of the signal processingcomputingcould be carried out before information is transmitted from the patient; and surface or encapsulated receivers could lead to novel uses for artificial stimulation.
Telemetry can never be considered in isolation, but only as one part of a complete system embracing the reasons for making the recordings and the methods for analysing the resulting data; its use where simple and reliable wires would be adequate will bring both the technique and its advocates into disrepute. However sophisticated they may be, none of these 'new' devices will make a single decision, none will suggest something new to do next, and none will diminish the need for thinking: all will demand a better understanding of the biological fundamentals. Physical techniques can only gather, sift and present the evidence according to the explicit instructions they are given; the only really interesting part of the exercise, the verdict, is quite outside their mindless ability.
